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REPLY TO
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susJecT: Performance Validation and Noise Injection Staged Tests

to: Melvin Rodrigues — TPP/OPP3 Richard Ellison - TOD/DITTI
Jim Burns — TOT/DITT2 T. Snodgrass - TOV/MEAD

1. Summary and Objectives

The proposed test plan includes two phases:
- Phase I: calibration and benchmarking of a wide-band probing signal
- Phase 2: periodic probing during 2009-2010 operating season

There are several benefits from a proposed PDCI probing:

- Base-lining inter-area oscillation damping and mode shapes with respect to the system
operating conditions (current activity under North-American Synchro-Phasor Initiative
and WECC DMWG)

- Model validation with respect to representing inter-area power oscillations (current
WECC MVWG activity)

- Tuning of “mode™ meters (several DOE, BPA, SCE, and CEC projects)

- Evaluation of feasibility of inter-area oscillation damping controls (current BPA project)

Phase 1: Calibration and benchmarking of a wide-band probing signal

This test will be performed in coordination with WECC technical groups such as the DMWG
and M& VWG, and is scheduled for May 6, 2009 with alternate days of May 7 or May 12 that
may be used in the event that the test date must be changed or portions of the test must be
repeated. Dates may be revised by System Operations to meet system requirements.

The test will include the following staged events:
» Energization of the Chief Joseph dynamic brake

+ Insertion of 20-minute pseudo-random noise by modulation of the Pacific HVDC Intertie,
similar to one used during August 2008 probing tests



* Insertion of 20-minute wide-band pseudo-random noise by modulation of the Pacific
HVDC Intertie

Close examination of system behavior will be made before and throughout the test to confirm
that system conditions are suitable for testing, and that the test is proceeding as expected.
WECC members having a PDC StreamReader are invited to participate in this, and to use
assoclated spectral analysis software to observe frequency domain signatures for their service
areas. Alternate toolsets for this include Real Time Dynamic Monitor System (RTDMS) and the
DOE ModeMeter. Extended data access at the California ISO and at the Pacific Northwest
National Laboratory permits almost total backup of the BPA for test monitoring.

WAMS data from this test will be recorded automatically. However, it is necessary that the
operators of the measurement facilities assure that the recording systems are ready for this, and
that the owners of the data be aware that copies of the records will be requested for analysis.
Such activities will be coordinated through the WECC Disturbance Monitoring Work Group
(DMWG).

Successful completion of Phase 1 is a pre-requisite for continuation with Phase 2.

Phase 2: scheduled periodic probing during 2009-2010 operating season

BPA performed probing signal tests since 1999. Original probing tests were mid-level probing
included square-wave pulses +/- 125 MW at pre-determined frequencies. Most commonly 0.25
Hz probing was used to excite North-South power oscillations. During 2003 summer operating
season, BPA performed about 100 probing tests, often several times daily. Most recently,
probing signal included band-limited noise injection as a more effective method to get a picture
of the inter-area oscillation modes in the Western Interconnection.

This time, wide-band probing signal will be used to test the system under a wide variety of
operating conditions. The tests have the following purpose:

- determine how frequency, damping and shapes of major WECC modes change with the
system conditions

- determine transfer functions from DC current order to various AC system signals

The tests will be scheduled at 8:30, 14:30 and 17:30 every second Wednesday (except by special
arrangement) starting June 10 2009, as long as a test procedure does not conflict with a peak in
operator workload.

Since the test objective is to test the power system under a variety of conditions, if the system
conditions during prior to a test are similar to those already tested, the test will be canceled.
Specifically, we would like to get several test points with respect to the following system
measurements:

- Grand Coulee — Malin phase angle

- Grand Coulee — Devers phase angle

- BC — Northwest flows

- BC — Alberta flows (including the tie being out of service)
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- California — Oregon Intertie flows

- Midpoint — Summer Lake flows

- Montana Intertie flows (including status of Colstrip generators)
- Path 15 flows

- Path 26 (Midway - Vincent) flows

- East of River flows

- Amount of wind generation in Pacific Northwest

The determination to conduct or cancel a test will be made 15 minutes prior to a test by Test
Director.

2. Operating Conditions Required For Tests

Operating Conditions for Test Series
* Power system operation is normal, the system is within System Operating Limits
* Pacific HVDC Intertie (PDCI) in bipolar operation with North to South flow
* PDCI power transfer above 1000 MW and less than 3000 MW

3. Test Precautions and Termination Procedure

If at any time the Test Observers, security coordinators or system operators identify conditions
under which the tests should not continue then the Test Director will suspend the test sequence
until those conditions are no longer present.

Reasons for suspending, modifying, or terminating the test sequence include but are not limited
to the following:

* System emergency exists within the WECC

* Interconnections operating outside normal limits

* Undamped or unacceptable levels of system oscillations

*  Facility operator deems that facility is unsafe for test, or that the test procedure is

interfering with proper operation of that facility
« Test procedure is conflicting with a peak in operator workload

» A disturbance just occurred resulting in system frequency below 59.75 Hz

If a disturbance occurs during a probing test, the test must be terminated immediately.



4. Sequence of Test Events — Phase 1

The list below shows specific test events to be performed. Times for these test events are in
Pacific Daylight (Advanced) Time (PDT).

The time and the duration of specific test events can be adjusted, during the test itself, to
minimize interference with smooth operation of the power system. Signal description is given in
Section 9.

Test Series A: Calibration Checks on PDCI Probing Signals

Step A0 [9:00] Celilo instrumentation check using +/-10MW waveform. Check proper
function of PSG using Celilo/Sylmar DC metering.

Step Al [9:10] Calibration check on MSF-20/6/17 for +£5 MW noise probing to determine
HVDC pole response. Noise bandwidth will be 20 Hz. Adjust scaling of
Probing Signal Generator (PSG) if needed.

Step A2 [9:15] Apply MSF-20/6/17 for +£5 MW noise probing to determine HVDC pole
response. Expected duration is 5 minutes or less.

Step A3 [9:20] Calibration check on MSF-1/2/6/100 for £10 MW noise probing of inter-area
modes. Adjust PSG scaling if needed.

Step A4 [9:25] Apply MSF-1/2/6/100 for £10 MW noise probing of inter-area modes.
Expected duration is 10 minutes, but additional time may be needed for
coordination of real-time observations at remote locations.

Step A5 [10:10] Calibration check on MSFE-1/5/1/100 for £5 MW noise probing of inter-area
modes. Adjust PSG scaling if needed.

Step A6 [10:30] Apply MSF-1/5/1/100 for £10 MW noise probing of inter-area modes.
Expected duration is 10 minutes, but additional time may be needed for
coordination of real-time observations at remote locations.

Test Series B: Noise Probing — 5 MW, wide-band noise limited at 5 Hz
Step Bl [11:10] Measurement of ambient noise conditions

Step B2 [11:30] Apply a +10 MW MSF-1/5/1/100 for a duration of 12 periods (20 minutes).

Test Series C: Noise Probing — 10 MW, wide-band noise limited at 5 Hz

Step C1  [13:10] Measurement of ambient noise conditions

Step C2  [13:30] Apply a +20 MW MSF-1/5/1/100 for a duration of 12 periods (20 minutes).

Test Series D: Noise Probing — 2.5 MW, wide-band noise limited at 15 Hz

Step D1 [14:10] Calibration check on MSF-1/15/1/100 for 2.5 MW noise probing of inter-
area modes. Adjust PSG scaling if needed.
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Step D2 [14:30] Apply MSF-1/15/1/100 for £5 MW noise probing for 12 periods (20
minutes). Expected duration is 20 minutes, but additional time may be
needed for coordination of real-time observations at remote locations.

Test Series E: Noise Probing — 5 MW, wide-band noise limited at 15 Hz
Step E1  [15:10] Measurement of ambient noise conditions

Step E2  [15:30] Apply a +5 MW MSE-1/15/1/100 for a duration of 12 periods (20 minutes).

Test Series F: Cross Validation of Probing Methods
Step FI  [16:10] Insertion F1 of the Chief Joseph Dynamic Brake

Step F2 [16:15] Apply a 420 MW MSF-1/5/1/100 for a duration of 12 periods (20 minutes).

Test Series G: Cross Validation of Probing Methods
Step Gl [17:10] Insertion G1 of the Chief Joseph Dynamic Brake

Step G2 [17:15] Apply a +5 MW MSF-1/15/1/100 for a duration of 12 periods (20 minutes).

5. Sequence of Test Events — Phase 2

The probing signal for the Phase 2 will be selected based on analysis on the test results for Phase
I. The list below shows specific test events to be performed. Times for these test events are in
Pacific Time. The tests will be performed every second Wednesday starting June 10, 2009.

Test Series A: Noise Probing 10 MW, wide-band noise limited at 5 Hz

Step Al [8:10] Measurement of ambient noise conditions

Step A2 [8:30] Apply a wide-band probing signal for a duration of 12 periods (20 minutes).

Test Series B: Noise Probing 10 MW, wide-band noise limited at 5 Hz
Step BI  [14:10] Measurement of ambient noise conditions
Step B2 [14:30] Apply a wide-band probing signal for a duration of 12 periods (20 minutes)

Test Series C: Noise Probing 10 MW, wide-band noise limited at 5 Hz
StepCl  [17:10] Measurement of ambient noise conditions
Step C2  [17:30] Apply a wide-band probing signal for a duration of 12 periods (20 minutes)






